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HYDROLOGY OF THE CHARLOTTE LOBE DELTA 
by Kirth Erickson 
The Charlotte Lobe Delta is located between Lake Charlotte 
and the terminus of the Charlotte Lobe of the Martin River Glacier 
in south-central Alaska. "Constant Creek" and "Roaring River" 
are meltwater streams which traverse the delta and discharge 
into Lake Charlotte. Fluctuations in these streams and the 
lake were measured during the summer of 1966 to determine their 
effects on the water table in the delta. Field study techniques 
include discharge measurements, leveling and mapping. The temp-
erature was recorded on a thermograph. Water table and surface 
water fluctuations were observed by means of ground wells and 
stage gages, respectively. 
The discharge of "Constant Creek" at the principal gaging 
station was rated on the basis of four measurements. A fifth 
measurement taken 300 feet downstream revealed an abnormally 
high loss of 7 cubic feet per second between the two stations. 
This amounts to an exceptionally high infiltration rate of 510 
gallons per day per square foot of delta surface. 
Water level changes in "Constant Creek" correlate directly 
with temperature fluctuations, but show a lag of 8 to 10 hours. 
This lag is assumed to be a function of the distance between 
the stage gage and the drainage source. 
During the observation period the levels of the delta water 
table rose rapidly as a result of a flash flood from "Roaring 
River". The rise in the water table was first observed in well 
#8, nearest the source, and finally in well #1, on the opposite 
side of the delta. The flood raged for nearly two days and then 
virtually ceased. Variations in one stream had no effect upon 
the other during the flood, indicating that no connection existed 
between them within the glacier. Furthermore, the delta water 
table varied in direct relationship to stream flow, indicating 
that the volume of flow in streams crossing the Charlotte Lobe 
Delta is the dominant control of the water table level. 
INTRODUCTION 
General 
This paper is a summary of research undertaken during the 
summer of 1966 on the hydrology of the Charlotte Lobe Delta. 
The delta is located between Lake Charlotte and the terminus 
of the Charlotte Lobe of the Martin River Glacier, 60 miles 
east of Cordova in south-central Alaska (Fig. 1). The work 
on the delta was directed toward a study of the meltwater streams 
from the glacier, the related ground water table, and the levels 
of Lake Charlotte (Fig. 2). 
Runoff from spring rains and from melting ice fill tunnel 
networks in this part of the glacier and constitute the stream 
flow which traverses the delta. The glacier is covered with up 
to a foot of rock debris and vegetation which continually slide 
down the ice terminus onto the delta, thereby blocking the tunnel 
outlets. 
During the 1966 season a pressure head gradual~y built up 
within the glacier. When this head reached a critical pressure 
the plugs in the tunnel openings were breached and a flash flood 
was released onto the delta (Fig. 3). Fluctuations of the ground 
water in the delta and in Lake Charlotte were observed during the 
draining of the tunnel network. 
Purpose 
The purpose of this investigation was to determine what hydro-
logic and physical factors control the water table level in the 
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Figure 2.--Meltwater streams crossing the Charlotte Lobe Delta. 
Figure 3.--"Roaring Spring" releasing stored meltwaters at the 
toe of the Charlotte Lobe of the Martin River Glacier. 
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Field methods 
Ground wells, which consisted of 4-foot lengths of one-inch 
aluminum pipe, were located on the active, vegetation-free, area 
of the delta. Two staff gages were constructed by laying a 4-foot 
length of 3/4-inch aluminum pipe on a leveling rod and marking 
every one-hundredth of a foot. A small ' cut was made with a hack-
saw at each one-foot mark. These graduations were then labeled 
with an indelible marker. One gage was placed in Lake Charlotte 
and the other in "Constant Creek" (Fig. 4). 
Figure 4.--Staff gage in "Constant Creek" about 200 feet below 
the point where the stream emerges from the glacier . 
Levels were run from a reference point to the staff gages 
and to the ground wells so that the elevations of the water 
table and lake level could be compared (Fig. 5) . A topographic 
map was subsequently drawn of the portion of the delta in which 
the wells were located in order to observe the relationships of 
the water table to the surface of the delta (Plate 1). 
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Figure 5.--Leveling at well #1 near the left flank of the delta. 
"Constant Creek" (Fig. 6), which flowed at a fairly uniform 
rate throughout the period of investigation, was rated by taking 
Figure 6,--A view of "Constant Creek" from the toe of the glacier 
with Charlotte Lake in the background. The measuring site is at 
the point where the vegetation is nearest the creek. 
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four individual discharge measurements at various gage heights 
at a selected site on the channel (Fig. 7), and plotting the 
Figure 7.--A discharge measurement in progress at site one on 
"Constant Creek". 
discharge on a graph of gage height vs. discharge. This rating 
curve was utilized in determining the infiltration rate of the 
delta sediments. Temperatures were recorded on a thermograph 
at the Miller Lake camp (Fig. 1). 
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INVESTIGATIONS 
Well locations 
Two rows of wells were emplaced on the delta. One row ran 
transversly across the delta, about 50 feet from the lake shore, 
and included wells #1, 3, 5, 6, 7, and 8 (Fig. 8). The second 
row extended longitudinally up-delta from the lake and consisted 
of wells #2, 3, and 4. Well #3 was included in both rows. 
Infiltration 
The discharge of a stream may be determined directly from 
the rating curve if the water level of the gage at the rated site 
is known (Fig, 9). The water level at the rated site, during 
the time that a measurement was being taken 300 feet downstream, 
indicated a discharge of 93.7 cubic feet per second. The meas-
ured discharge at the downstream site was only 86.7 cubic feet 
per second, which indicated a loss of 7 cubic feet of flow per 
second in a distance of only 300 feet! This amounts to a very 
high infiltration rate of 510 gallons per day per square foot 
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Figure 10.--The water level in the small basin a~- t eft of 
the photo remained low even though it was consta ed by the 
adjacent stream, demonstrating the high infiltrat n rate of the 
delta sediments. 
Flooding 
The water table rose suddenly on the 8th of July when water 
began to accumulate against the upper edge of the delta in the 
tunnels in the toe of the glacier. By evening the pressure head 
had built up sufficiently to force out the sediments which were 
plugging the tunnel openings. This sudden release of stored 
water issued from "Roaring Spring" in the toe of the glacier 
at the north margin of the delta (Fig. 3). "Roaring Spring" gave 
rise to "Roaring River" which entrained cobbles, boulders, blocks 
of ice, trees, and other debris along its channel (Fig. 11). 
A general flood f ollowed which inundated most of the delta 
and all of the ground wells with the exception of #1 and #8 which 
were located on the less active flanks of the delta (Fig. 12). 
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Figure 11.--"Roaring River" in flood, transporti . (-./J> : 
0
s and debris 
across the lower delta, with Lake Charlotte in the background. 
Figure 12.--Ground well #2, in the foreground, inundated at peak f lood, 
The water table initially began to rise in well #8, nearest the 




















Figure 13.--Correlation of hydrographs 
# 1 and 118, Lake Charlotte and "Constant Creek". 
The early rise in well # 8 indicates that the water was build-
ing up in the glacier behind the delta and seeping through the 
delta sediments as ground water several hours before the river 
appeared on the surface (Fig. 14). 
Figure 14.--Ground water seepage detected in a subsidence pit 
high on the delta near the glacier. 
Longitudinal profile 
The longitudinal profile (Fig. 15) shows the relationship 
of the ground surface and the lake level to the water table in 
the area of the Charlotte Lobe Delta. Profile "A" represents 
the situation at 0815 hours on July 8th prior to the flood. 
Profile "B" shows the situation at 2000 hours on July 10th, as 
the flood waters were receding. 
Profile "A" shows only a slight inclination of the water 
table toward Lake Charlotte which was a t 75.06 feet . The water 
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Figure 15.--A longitudinal profile of Charlotte 
Lobe Delta through ground wells #2, #3, and #4. 
(see fig. 8 for well locations). 
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75.64 feet in well #3, 125 feet from the lake, and at 75.48 feet 
in well #2 only 45 feet from the lake. On July 10th the compar-
able ground water levels were 77.5 feet, 76.68 feet, and 76.02 
feet, respectively, while the lake was at 75.61 feet. The profile 
continues from well #4 to the edge of "Constant Creek". In a 
pit 1\ feet from the edge of the stream the water table was 4 
feet beneath the surface! The delta surface in the vicinity 
of the pit was about 2 feet higher on July 10th because of sed-
imentation during the period of high d i scharge from the spring. 
Transverse profi l e 
The transverse profile (Fig. 16) r uns from well # 1 to well 
#8. Profile "A" represents the water t able at 0815 hours on July 
8th prior to the flood, and profile "B" shows the rise which 
had occurred by July 10th due to tre flood. 
On July 8th the lake level was at 75.06 feet and the water 
table was nearly flat. "Constant Creek" crossed this profile 
between wells #6 and #7. The water table was about \-foot above 
the lake level along most of this profile which was approximately 
50 feet from the shore line. This indicates a gradient of about 
1% in the water table on that date. 
The lower profile shows the same row of wells just after 
the flood waters began to recede. The lake level was at 75.61 
feet and the water table averaged about one foot higher. This 
indicates a gradient of about 2% in the water table . 
Well #5 was still inundated by a distributary (Fig. 12) 
which accounts for the elevation of t he water table above the 
ground surface in this area. The discharge of streams crossing 
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Figure 16.--A longitudinal profile of 
Charlotte Lobe Delta through ground wells 
#2, #3, and #4, (see fig. 8 for well 
locations). 
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HYDROGRAPH of CONSTANT CREEK 
Figure 17.-- Correlation of the thermograph 
from Miller Lake camp with the 
hydrograph of "Constant Creek". 
foot below the ground surface. Stream discharge was high two 
days later and the water was only a few inches below the 
ground surface. 
Temperature correlation 
The hydrograph of "Constant Creek" correlates directly with 
the thermograph from Miller Lake camp 5 miles away. The only 
exceptions were on July 11th and 12th when the creek rose due to 
a light rain (Fig. 17). July 6th, 7th, and 9th had high temper-
ature readings with corresponding high discharge in "Constant 
Creek". July 8th and 10th had low temperature rises due to 
overcast and "Constant Creek" had a correspondingly low increase 
in flow. The peaks and troughs on the hydrograph lag 8 to 10 
hours behind the corresponding peaks and troughs on the thermo-
graph. The lag time is presumed to be a function of the distance 
between the gage and the drainage source up-glacier. 
ANALYSIS OF GROUND WELLS 
Well No. 1 
On the 6th and 7th of July well #1 dropped 0.21 feet in 
response to the falling flow rate in "Constant Creek" (Fig . 18). 
This was the last well to show a rise on the morning of July 18th 
in response to the discharge from "Roaring River" because it was 
farther from the source than any of the other wells. This rise 
in well /H was gradual until the surface flow in "Roaring River" 
brought water to within 50 feet of the well and accounts for the 
increased rate of rise at 1800 hours on July 8th. The total 
initial rise was 0.56 feet. This was fo l lowed by a drop of 0.20 
feet, and another rise which peaked at 0 . 66 feet above the initial 




















Figur e 18.--Hydrogr aph of we l l #1 . 
On the afternoon of the 10th and on the 11th of July the 
flow from "Roaring River" gradually diminished. On the evening 
of the 11th a rise occurred in response t o a light afternoon rain 
which caused a total rise of only 0.03 feet. The water table was 
rising on the morning of the 13th at the time of final observ-
ation due to a slight increase in melt-rate of the glacier caused 
by rising day-time temperatures. 
Well No. 2 
Well #2 was first observed at a gage height of 75.50 feet 
at 2100 hours on July 5th (Fig. 19). The water table dropped on 
the 7th and on the morning of the 8th to a low of 75.48 feet. At 
0815 hours on July 8th a sharp rise occurred. This rising trend 
continued until 1930 hours on July 9th when a peak of 76.20 feet 
was recorded. This peak does not correspond with those recorded 
in the other wells on the morning of July 9th because the well 
was inaccessible due to flood waters and no reading was obtained. 
The ground water level fell to 75 . 96 feet at 0745 hours on 
July 10th, rose to 76.00 feet at 1950 hours and then began to 
fall again as the flow from "Roaring River" diminished. The 
water table stood at 75.82 feet on July 13th at the time of final 
observation. 
Well No. 3 
Well #3 was initially observed at a gage height of 75.64 
feet at 2100 hours on July 5th (Fig. 20). The water table rose 
during the night and reached 75.77 feet at 2015 hours on the 6th. 
No record was obtained for this period from "Constant Creek" and 









































Figure 20.--Hydrograph of wel l #3 
point the drop in the water table corresponds to the drop in gage 
height in "Constant Creek" until 0815 hours on July 8th when the 
water table began to rise sharply in response to the build up of 
stored water in the glacier just above the delta. At this time 
the water table elevation stood at 75 . 64 feet . The well was temp-
rarily inaccessible due to high velocity flood waters until 0800 
hours on July 9th when a peak reading of 77.15 feet was obtained. 
From this point the water table fell to 76.45 feet at 0800 hours 
on July 11th and then began to correlate with the fluctuations in 
"Constant Creek." 
Well No. 4 
The fluctuations in well #4 (Fig. 21) correlate with those 
in "Constant Creek." No time lag appears between the fluctuations 
on the hydrographs of well 1t4 and "Constant Creek" because the 
time interval between observations was longer than the lag itself. 
The lag time is in the order of a few minutes which demonstrated 
the high permeability of the delta sediments. Well #4 was drowned 
and buried in alluvium by "Roaring River11 after 0815 hours on 
July 8th. No further records were obtained. 
Well No. 5 
The water table in well five was first observed at 0830 
hours on July 7th when the gage height stood at 75.64 feet (Fig. 
22). The water t able rose 0.01 feet during the day in response 
to a rise of 0.03 feet in 11Constant Creek." The water table 
dropped 0.05 feet by 0830 hours on the morning of July 8th, while 
"Constant Creek" dropped 0.08 feet. A rise of 1.26 feet occurred 
during the day due to the discharge of stored water through "Roar-
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Figure 22.--Hrdrograph of well #5 
of July 8th when the well was drowned due to flooding. On the 
morning of the 10th the water table dropped to 76.03 feet after 
the distributary which flowed around the well was diverted. On 
the afternoon of the 10th the well was drowned for a short time 
as indicated by rise in the water table. At 0815 hours on July 
11th the hydrograph of well #4 began to correlate with the fluct-
uations in "Constant Creek." 
Well No. 6 
The hydrograph of well #6 (Fig. 23) correlates with that of 
"Constant Creek" until 0830 hours on July 8th. Later in the after-
noon it was drowned by surface water from "Roaring River" which 
was supplied by a distributary that continued to flow throughout 
the remainder of the period of record, ef fectively controlling 
the water t able in the area of this well. 
Well No. 7 
Well #7 (F i g. 24) correlates with " Constant Creek" through the 
morning of July 8th. During the afternoon it was drowned by surface 
wa ter from "Roaring River." During the night the level of "Roaring 
River" fell below the threshold of the distributary and the water 
t able dropped below the surface in the area of the well. On the 
afternoon of J uly 9th a second rise occurred in "Roaring River" 
due to release of stored water somewhere in the glacier, drowning 
the well for the second time. On July 10th the water table began 
to fall in response to the reduction of flow in "Roaring River." 
This trend continued through July 11th. On the 12th some 
correlation with "Constant Creek" is observable. The sharp rise 
between 0750 and 1030 hours on July 13th was caused by renewed flow 
in the distributary adjacent to the well. 
-26-
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Figure 24.--Hydrograph of well #7 
Well No. 8 
Well #8 (Fig. 25) was initially observed at a gage height of 
75.61 feet at 2100 hours on July 5th. The hydrograph correlates 
with the fluctuation of "Constant Creek" until 1800 hours on July 
8th. This well was about 250 feet from "Constant Creek." Its 
amplitude of fluctuation was 0.02 feet while the correlative 
amplitude in "Constant Creek" was 0.08 feet. This reduction 
is amplitude is probably due to the dampening effect of the 
resistance of the sediments to the flow of ground water. The 
amount of reduction in amplitude is probably a function of the 
distance from the well to the stream and the permeability of the 
sediment through which the water flows. 
Well #8 was closest to the source of "Roaring River" but 
was never drowned at any time during the period of record. 
Its hydrograph should, therefore serve, along with the hydrograph 
of Lake Charlotte (Fig. 26), as a good record of the fluctuations 
of "Roaring River". 
The water table level stood at 75.50 feet at 0830 hours on 
July 8th. By 1800 hours it had risen to 76.26 feet. The peak 
occurred at 76.44 feet at 0805 hours on July 9th. From this high 
the water t able dropped, reflecting a reduction of flow in "Roar-
ing River", until 0750 hours on July 10th when a second rise in 
the stream began. This rise peaked at 1950 hours and then began 
to fall. This fall continued until 2040 hours on July 11th when a 
small rise began as a result of rain. This trend continued into 
July 12th a nd formed a low peak at 2015 hours. Upon final observ-
ation on July 13th the water table was rising in response to a 
slight increase of flow in the two streams due to the increased 
-29-
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Figure 25.--Hydrograph of well #8 
melt rate in the glacier caused by a rise in temperature. 
MAGNITUDE OF FLOOD DISCHARGE 1 
First inflow 
On the 8th of July during the first inflow from "Roaring 
River" Lake Charlotte rose 0 . 52 feet (Fig. 26). The surface area 
of the lake is approximately 351.6 acres. The area (351.6 acres) 
multiplied by the rise (0.51 feet) gives the minimum volume (182.8 
acre-feet) of inflow from "Roaring River". 
The average flow rate of "Roaring River" can be determined 
by dividing the stored volume (182.8 acre-feet) by the lapsed 
time (1930 hours on July 8th to 0750 hours on July 9th) in which 
the storage was accumulated. 
182.8 acre-feet X 43,560 cubic feet/acre-foot= 180 cu. ft./sec. 
44,400 seconds 
Second inflow 
The second inflow from "Roaring River" produced a rise of 
0.32 feet in Lake Charlotte. The surface area of the lake 
(351.6 acres) multiplied by the rise (0.32 feet) given a stored 
volume of 112.5 acre-feet. The lapsed time of this inflow (0715 
hours to 1150 hours on July 19th) was 4 hours 35 minutes (16,500 
seconds). The volume in temporary storage (112.S acre-feet) divided 
by the lapsed time (16,500 asconds) gives the rate of inflow. 
112.5 acre -feet X 43,560 cubic feet/second= 296 cu. ft./sec. 
16,500 seconds 
Concurrent discharge 
The concurrent increase in discharge from the opposite end of 
Lake Charlotte may be estimated by assuming that all flow from 
"Roaring River" ceased at 1150 hours on July 10th and by 















HYDRGRAPH of LAKE CHARLOTTE 
Figure 1126 
storage until the lake fell to near the pre-flood level. The 
volume of water discharged was calculated by multiplying the 
area of the lake (351.6 acres) by the fall (0.59 feet) giving 
a loss of 206.9 acre -feet . 
The volume lost (209.6 acre-feet) divided by the lapsed time 
dur ing which the loss occurred (1150 hours on July 10th to 2030 
hours on July 11th) yields the average rate of discharge. 
209.6 acre-feet X 43,560 cubic feet/acre-foot= 76.6 cu. ft./sec. 
117,600 seconds 
Order of magnitude 
The sun of the volume of water in temporary storage and 
the concurrent increase in discharge from Lake Charlotte yields 
an order of magnitude for the total discharge. The concurrent 
discharge for the first inflow was calculated by multiplying the 
rate of discharge (76.6 cu. ft./sec.) by the lapsed time over 
which the discharge occurred (12 hours 20 minutes or 44,400 seconds). 
76.6 cubic feet/second X 44,400 seconds= 78 acr e-feet 
43,560 cubic feet/acre-foot 
The concurrent discharge for the second inflow was calcu-
lated by multiplying the rate of increase in discharge (76. 6 
cu. ft./sec.) from Lake Charlotte by the lapsed time over which 
the discharge occurred (4 hours 35 minutes or 16,500 seconds). 
76.6 cubic feet/second X 16,500 seconds= 29 acre-feet 
43,560 cubic feet/acre-foot 
Temporary storage 
Concurrent discharge 
1st inflow 2nd inflow sum 
183 acre-ft.+ 112 acre-ft. = 295 acre-feet 
78 acre-ft.+ 29 acre-ft.; 107 acre-feet 
Total volume discharged during flood = 402 acre-feet 
-33-
CONCLUSIONS 
As a result of the detailed investigation of the Charlotte 
Lobe Delta in July of 1966, and the subsequent analysis of field 
data, several conclusions can be made: 
1. The delta sediments are highly permeable as demonstrated 
by the measured infiltration rate of 510 gallons per day per 
square foot of surface area. 
2 . The streams traversing the delta are influent; the water 
level of streams was higher than the adjacent water table . 
3. No subglacial connection exists between "Constant Creek" 
and "Roaring River." Variations of flow in one stream had no 
affect upon the other. 
4. Meltwater was the primary source of flow in "Constant Creek" 
durint the period of observation. This was indicated by the direct 
correlat i on of gage height and temperature fluctuations. 
5. The volume of stored water discharged by "Roaring River" 
during the period of flooding on the delta (1740 hours on July 8th 
to 2030 hours on July 11th) was determined to be in the order of 
400 acre-feet. 
6. And, the water table level is primarily controlled by the 
volume of discharge in streams which cross the delta. The water 
levels in the ground wells correlated directly with gage heights 
in the streams. 
The opportunity for additional glacio-hydrologic research 
in the Lake Charlotte-Martin River area is virtually unlimited; 
with this fact in mind a reference point (El. 277.332 feet assigned 
datum) was established. This R. P. is located on a rock at the 
edge of the bea r trail 6 feet down lake from a large spruce (marked 
-34-
III in yellow paint) 20 feet below the delta at the foot of 
Beam Hill beneath an overhead cache. Other reference points 
were established on the delta. For elevations see Plate 1 (in 
pocket). It is hoped that these reference points may serve as 
control points for future studies in the Charlotte Lobe area. 
Glaciers store vast amounts of fresh water which constitutes 
the greatest single natural resource of the south-central Alaska 
region. Studies of this nature help to develop a better under-
standing of the wa ter economy of glaciers and are necessary for 
the future development of this resource for agricultural, in-
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